The present work describes software SOLEEC (copyright 03-2012-070510302900-01 México), a numerical tool for PTC (parabolic trough collector) designing. Software SOLEEC is divided into two main parts. The first one allows solar resource assessment for a specific place on the Earth. The computation and assessment can be done for a specific day on the year, for one specific month and the monthly averages along the year. The last one gives annual charts such as: solar constant, Earth declination, insolation hours, and sunrise and sunset hours. The second part has four different execution options for PTC designing, that is, using options one and two user can get five different designs based on receiver outer diameter evaluating solar radiation data along the full year or only one solar radiation value (monthly), on the other hand options three and four were developed to compute the thermal evaluation for an operating collector for twelve solar radiation values (annually) or a specific month computation, respectively.
Introduction
 Recently, energy production in the world is majorly generated by using fossil fuels, which residual gases are harmful, contributing to green house effect and as a consequence producing a nature disequilibrium inducing climate change and natural disasters happening often and often with more intensity. Together to the negative impact in the environment, is very important to consider that fossil combustibles are limited and no renewable, which causes a constant increase in market prices. Hence, it is clear that renewable energy must have a main participation to satisfy society's energy demand, not only in the present but also in future time.
Among renewable energies, solar energy has the highest potential, since the energy quantity that reaches on Earth is enough for satisfying the entire world demand [1] . Furthermore, solar energy can be Corresponding author: Juan Gabriel Barbosa Saldaña, Ph.D., research fields: solar energy conversion, concentrating collectors, and numerical analysis. E-mail: jbarbosas@ipn.mx.
converted directly into electricity (photovoltaic) or thermal energy (photothermal). About thermal energy, using PTCs (parabolic trough collectors) is possible to reach temperatures around 400 °C, and recently this technology has became the most mature technology and profitable for before mentioned temperature levels [2] .
On the other hand, the use of software for simulating solar processes has got a great important development in recent years. Using computational tools, users can get reliable information replacing the experimental process offering to the designer the possibility of combine different performance parameters for different conditions giving the opportunity to assess external effects that affects the configuration and finally obtain the best combination an optimum design.
For PTCs' analysis, some computational tools have been developed such as Dymola/Modelica software [3] using for analyzing a solar collector field for direct steam generation, where water enters to the field and DAVID PUBLISHING D is partially evaporated, after that is transported toward a steam separator. The condensed mass is then recirculated to the field's inlet while saturated steam is carried out to overheated section which basically is a similar solar field.
Other research for optimizing solar system with a numerical tool is the PTCDES [4] , used for computing the steam flow produced in a solar system composed of a separator tank coupled to a PTC. In this software, the values for horizontal surface beam solar radiation are those of the monthly representative day and ambient air temperature for Nicosia, Cyprus. The system's heat losses are computed using the enthalpy difference between the hot water at the collector's exit and the stored water in the tank. IPSE-pro [5] is a software, which main objective is the numerical simulation for a conventional combined cycle power plant, however in the last edition it has been modified for a solar plant assessment.
In order to contribute to engineering software for PTC designing, software SOLEEC [6] is presented in this work, which is an interactive tool for PTC designing and assessment as well as a solar resource evaluation. The software and its applicability are shown in the following sections.
Methodology
Software SOLEEC and its user interface were developed using MATLAB R2009a. After software and (4) two axis tracking system, it means, full tracking system. The last one is the less used for PTC due to the large length in the axial direction and manufacturing implications [7] .
Software SOLEEC allows to select what kind of tracking system is going to be analyzed, once tracking system is chosen, a table shows the results, these are: solar radiation, incidence angle and slope collector angle for every hour in a specific day of the year.
Software SOLEEC has three options for solar resource assessment: (1) solar radiation for a specific day of the year, (2) solar radiation for a specified month and (3) averaged solar radiation for each month along the year. Some data such as latitude, longitude and altitude over the sea level of the place are needed as input data for the numerical computation. Hottel's model is used to compute solar radiation on Earth's surface assuming a 25 km visibility clear atmosphere and 2.5 km maximum altitude over the sea level [8] .
PTC designing is based on the outer receiver diameter, for that reason, five different configurations using nominal diameters of 3/4, 1, 2, 3 and 4 are considered. Materials such as parabolic reflective surface, coating tube, receiver tube and selective surface can be chosen by the user for doing the computation.
Evaluating the thermal performance of a PTC in operation is other versatility of the software SOLEEC. In this case, the user must provide the solar collector's geometry, optical properties and construction's materials and some geometrical parameters. After obtaining the results, the user can analyze them in order to assess its efficiency, but if needed the SOLEEC options can be used for optimizing collector's operation. Fig. 2 shows the main menu of the software SOLEEC.
The heat gain is the most important parameter about thermal performance, this parameter is directly involved by all other parameters affecting PTC designing, and therefore, software SOLEEC internally develops an iterative process until Eqs. (1) and (2) are evenly closer.
(1)
Eq. (1) represents the heat gained internally in the working fluid as a function of its thermal characteristics, while Eq. (2) represents the heat gain quantity on solar collector taking into account the solar radiation available, the heat losses and the collector's geometry, thus, both equations involve the same concept of energy gain, the first one as the working fluid and the second one as the collector's performance point of view [9] .
Software SOLEEC was thought as a numerical tool for PTC designing. Although its enormous versatility some limitations must be observed before software execution as listed below: (1) the parabola rim angle is 90° for all the configurations suggested, (2) there is no working fluid phase change, it means, 90 °C as a maximum temperature for water and 400 °C for syntetic oil, (3) only one coating tube is considered and (4) space between receiver and coating tube must be evacuated.
Software SOLEEC Validation
The Software SOLEEC's validation was realized using values from experimental data reported by Sandia National Laboratories, USA and numerical analysis data carried out in the Centro de Investigación en Energía UNAM, México [10] . Table 1 shows comparison between data obtained in the studies before mentioned and data obtained using software SOLEEC. For validation process, same PTC characteristics were used for all the proofs. Test 1 was realized using water as working fluid while synthetic oil Syltherm 800 was used for the rest of the proofs. Table 1 shows the error obtained when experimental data are compared with software SOLEEC results. A 6.70% maximum error on the heat gain in the fifth test and 1.44% as minimal error on last test when comparing SOLEEC results versus experimental data, while a 4.93% as maximum error when comparing with the numerical data. Hence software SOLEEC reliability for PTCs designing and assessment has a great exactitude and good accuracy, therefore its use as numerical tool has been proven. Once software has been described and its reliability proven, functionality for different application examples are shown in the next section, in this case the location place for the analysis is in the Southern hemisphere.
Results and Application
Software SOLEEC application for PTC designing and solar facility assessment is used to evaluate a locality in Buenos Aires, Argentina, and the main designing condition is the water temperature that must be equal to 90 °C all over the year. Buenos Aires is located at 34.52° south latitude and 58.49° west longitude, 25 m altitude over the sea level. Solar radiation on the horizontal plane is going to be determined using the Hottel's model, using the third icon on the SOLEEC interface (Fig. 2) and introducing the data just before mentioned. Results are presented in Fig. 3 , which shows solar radiation values along the year and some charts allowing the solar resource estimate. Fig. 3 shows some charts as: solar constant, Earth's declination, sunrise and sunset time and insolation hours. This last chart is important because shows that several insolation hours are available for this location, having 14 hours on the longest day and more than 9 for the worst day, in this interval the solar energy is available along the year. Sunrise and sunset time's chart can be useful if a tracking system is going to be considered as part of the solar system allowing it to shut on or shut off. The bottom left chart on the interface shows the extraterrestrial solar radiation and the solar radiation on Earth surface in a bar diagram for every month along the year, same data are shown on the top table and they will be used for PTC thermal design. The extraterrestrial and solar irradiations on the place are summarized in Table 2 . The second column in this table is computed based on the Hottel's model for clear visibility. These values can be used for computing the PTC design. However, SOLEEC allows the user to introduce the Earth measured data or registered radiation data for the location in question.
It is very important to mention that the software SOLEEC allows three different options for reflective surface (anodized aluminum, silver covering and aluminized acrilic) and three options for selective surface (black chrome, plumbum sulfate painting and copper oxide). For the receiver tube the options are stainless steel and copper, while for the coating they are borosilicate and acrilic. Finally, there are three different options for working fluid; water, Therminol VP1 and Siltherm 800. Table 3 shows the collector's construction materials used for the application example while Table 4 shows local ambient conditions for being assessed by software SOLEEC. It can be inferred that the software SOLEEC allows the computation for different collector materials, but in the application example discussed in this work, the materials considered for the computation are those listed in Table 4 . In a similar way, the software offers the options of selecting different operating ambient conditions. Here for the application example, the conditions are those summarized in Table 4 . Any change in Tables 3 or 4 will result in a different designing, this feature is the most relevant in the numerical tool developed which is synonymous of versatility. Fig. 4 shows software SOLEEC interface results considering an evaluation all along the year. The results are presented for five different configurations.
On the left hand side of the figure, it can be observed the user data given as input for solar irradiance (values from solar radiation on Earth surface showed in Table  2 ), and materials for solar collector construction as presented in Table 3 . At the bottom on left hand side of Fig. 4 , it can be observed that the optical efficiency of the PTC is 77.17%, which can be intepreted that a good combination of materials for this collector was done, hence energy gain is acceptable due to only 22.83% of energy available is not reaching the receiver.
On the right hand side of Fig. 4 , results ordered in table are shown for suggested five configurations, as can be seen, software offers tables for geometrical features, heat gain, heat losses, mass flow, volumetric flow, external receiver tube temperature, internal coating tube temperature and thermal efficiency, and for all months in the year, in this way, results can be compared for every designing configuration and make the best choice according to the dimensions and thermal efficiency. In order to have a better understanding of the software applicability, the PTC features given after the SOLEEC execution are presented in Tables 5-9 . Table 5 shows geometrical features for every configuration given by software SOLEEC. Here, it can be observed that every configuration is a function of outer receiver tube nominal diameter, resulting in collector lengths from 6.21 m to 31.6 m, and apertures from 2.4 m to 12.47 m. In similar way, the focal length varies from 0.60 m to 3.11 m. These geometrical measures were computed considering that for all the configurations the solar energy will be completely reaching the receiver tube transmitting this energy to the working fluid.
The volumetric flow is an important feature directly involved with the heat gain given by PTC and by its dimensions. The result of the volumetric flow computations for the five different configurations along the year are summarized in Table 6 . The values in Table 6 represents the volumetric flow rate that must be imposed to the PTC for ensuring that in the PTC exit the temperature of the working fluid is the one required. The results show that in the summer volumetric flow is almost double than in the winter.
Here the software's user must consider that for a higher volumetric flow the power of the pump will be increased. Similarly in Table 7 , the heat gain by the PTC is presented. It can be appreciated that for summer it will be 100% greater than for winter. The importance on Table 7 lays on the fact that for the studied case is not reliable using PTC for some seasons because the heat gain is relatively small, and then the efficiency conversion will be small. Another important fact is that if the PTC is small then the heat gain will be small as can be observed in Tables 5 and 7 and configurations 1 and 2. For configurations 4 and 5, the heat gain is extremely large, but the geometry needed is enormous resulting in a high manufacturing cost and in a higher inversion for installation. Table 8 shows the heat losses. In general, it can be observed that these values are low, this behavior is an effect due to the outer receiver temperature because is directly involved with radiative heat losses which are the highest kind of losses in a PTC. Another reason why this parameter is kept low is because of the chosen collector construction materials, which in general have good thermal properties. Table 9 shows the thermal efficiency which is directly related to gain and heat losses. A combination of high heat gain and low heat loss gives as a result that for all the configurations the thermal efficiency has high values. In general the thermal efficiency goes from 74.103% to 75.53%, these values are obtained because of the low difference's temperature between the inlet and outlet working fluid, in this case the value is around 75 °C. When synthetic oil is used, Table 9 Collector thermal efficiency (%). Configurations  1  2  3  4  5 due to higher temperature differences, thermal efficiency is diminished notoriously; this effect can be consulted on reference [4] . PTC have great thermal and optical efficiencies as can be observed in tables before presented. Next user's task is determining the best configuration that covers its necessities. Taking volumetric flow as a designing parameter can be concluded that configurations 1 and 2 are adequate for hot water in houses, hotels, pools and hospitals, while configurations 3-5 could be used for industrial processes where higher volume of hot water is required.
Month
Feasibility for PTC installations due to solar radiation available along the year in this location is proven; despite the heat gain in winter is so low, almost half in comparison to summer as mentioned previously, this is enough for satisfying the heating requirements.
This way, software SOLEEC versatility for PTCs designing and assessment as well as solar resource assessment as a function of location where solar system is pretended to be installed has been proved.
Conclusions
Software SOLEEC application developed in LABINTHAP, Instituto Politécnico Nacional in Mexico was presented, which main objective is PTC designing and assessment as well as solar resource assessment. It has some limitations such as: parabola's rim angle of 90°, no phase change in the working fluid, only one concentric coating tube is considered and space between receiver and coating tubes must be evacuated.
Software SOLEEC is effective for PTC designing. The user must enter geographic data for the location and then chooses among different construction materials suggested by the software and indicates the working fluid as well as the desired temperature leaving the collector. Using these data it can be obtained five different geometrical configurations, the heat gain and heat loss to ambient, volumetric fluid flow, temperatures about receiver and coating tubes and thermal efficiency.
Software SOLEEC presents the results on tables, first computes the solar radiation available in a specific location in the way of monthly averages along the year. Solar radiation computed varies from 274.17 W/m 2 to 585.52 W/m 2 , therefore, the location studied has great quantity of energy available on summer for installing a solar system presenting a well performance. Even though in winter months the energy available is diminished, some energy necessities could be still satisfied. Finally, five different PTC configurations as a function of the energy requirement are showed by software SOLEEC. As could be observed a good optical efficiency was reached 77.17%, due to the well election of chosen construction materials. On the other hand, the greater the volumetric fluxes obtained the greater the heat gained, having since 6.5 kW for configurations 1, to 17.4 kW in configuration 5.
The results ordered in tables given after the software execution allows the user to optimize the PTC's geometric configuration that best satisfies its energy requirements.
